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Thlt Iol~" to (:over one ~s~! IP~ one i~btect on~y.

This letter Is to comment on and outline the effort that would be Involved to use finite
element analysis (FEA) to produce an Improved burner design. In summary, it was
concluded that FEA would be very difficu]t and expensive to use. The cost of a
com. p~ex analysis may be a signlficar.t portion of the cost of the burners themselves
ana may still not provide realistic enough results.

The following paragraphs discuss some Important aspects.

F~ILURE MECHANISM

The primary concern Is the binding of moving parts (.e,g: register.s) caused ,.by plate _
distortion and attachment weld fallrures. Bet5 the distortion an¢l the weld fahures result
~ high thermal dlfferentlaie at very hioh temperatures, it is possible that some
portions of the burner could have experTenced temperatures over 1500F, ~ +

Plate distortion results from some or all of the following:
~

1. Elastic buckling followed by p!.astlclty (yielding) to produce permanent
deformation.

2. Elastic buckling followed by creep strain to produce permanent deformation.

3. Progressive magn~catlon of as.manufactured Imperfections (e.g., built.In
waviness) by creep strain.

4. Inelastic (creep and/or yielding) strain due to thermal stress,

The differences between these mech~misms may appear subtle but their analysis
requires some very different modeling approaches,

THERMAL ANALYSIS

In order to solve for the ~ermal stresses In a structure, a definition of the tamp.stature
distribution over the whole structure b required. For this particular an¢lysls, th~s
fundamental requirement may be the indef, Important and difficult to satisfy.
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Although not recommended, one ep.prca~h would be a!l-analytiaal. ’there would be
two modes of heat transfer to quanHy:

Convection film coefficients would be very difficult to establish.. A knowledge’of
the local air velocities throughout the model would be essential.

Radiation heat transfer would be even more difficult to ¢h~u.act.~rlze. For
comp~rison, it has t~an years and he.aW .effort to.eatabl!~h.the.~O ._P~e~_t_ les~ ,of_
radiation on membraned wall geometer, m add~on, rao|etaon ~o a oumer ts
more complex because tt Is a~.D problem, while a membrar~:l wall geometry
Is ba$1c~lly 2-0,                                 "

Without verification by measurement of temperatures, an analytic, el solution could
contain a large error.

Another approach would be to measure many temperatures at var.lou~.. Io~ation.s .on
burner sub.components. Then by ir, terpo~aUon, the temperatures tot me rema~noer of
the geometry could be calculated. Although the measurement of the temperature
distribution could ~ave its own set ot problems, this approach is considered more
reliable than an all analytical approac,~.

P .05

MATERIAL PROPERTIES                                                                                   ~._
Material property data Including exp~nslon coefficient, modulus of elasticity, yield
stress, time-independent stress-strain behavior, and creep strain vs. time and stress
woutd be required for a stress ana~=fls, At the very high temperatures !.nvolved, this
data is rare or non-existent. (’rhtS is true for thermal properties as well if they would
be required for a thermal analysis,)

Another aspect that can be difficult to ~ope with is the wide statistical scatter of some
of the data when it ts available,

It is not yet pceslbie to speculate ho\v large the required finite e~ement modet mtght
be. The burner is geometrically complex. For liner elasti~ structural FEA, this
complexity is expansive. However, for elastic buckling and non-linea~ FEA, this
�omplexi could comple..tely stop an analysis. (In practical application, elastic buckling
and noni-~near FEA are i~mited to simple geometries.) How much of the geometry that
would be necessary to be modeled, and What level of detail, would also depend upon
a hypothesis that identifies the most important thermal differentials.

ANALYSIS CONCEPTt0N

This section summarizes that procedure that might be used to do an analysis,

Because of the many uncertainties arid ~eumptions required to complete a FEA it is
not reallstl¢ to expect absolute fallurepredlction. Instead, the analysis would have to
be comparative (existing vs, proposed). Each configuration would have to De run
separately. Ideally, any errors due to a faulty assumption would be applied
consistently to each model.
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The following steps would be neces,jary to do a FEA:

1, Arrive at a hypothesis that Identifies which thermal d~fferentlats ere most
Important.

This narrows the sCOpe SO that the probability of success Is h!g~er, F.EA can
s0m~times be used as a ~sh;ng expedl.tlon’ |ool, however tha(ls obv=ously
ineffident and reduce the probability ot success,

~ q~all~tlv~~un.derstanding of the problem that would enable this hypothesis
does not yet exist. -:      ~ ~-:.
:2. Measure temPleraturesas di=cU~ ~bo~e~todet’~i~’ ~’e ~"0~plete
temperature distribution requtrecl for a thermal stress analysis..

:-, it-is�0.noelvable tha~ a faulty thermal distribution could invalidate a comparative
analys=s as well ¢s an absolute analysis,

~: i;: i-3, ~Determlne the minimum required .model :size to.find the elastically calcu!/ted
.-~ thermal stresses....        ~-     - ~’

~ Rn"a linear elastic FEA art~ then evaluate thesolution~alld.ity by.che..oklng4 u                                for valid o estlmatlng
for stresses that are greater .than yield. A.]s.o che¢k .. try. y
creep strain sccumuiauon. (Assumes sutt~cmnt mater=a| property oats
ti~vailable.) "                                         "

............. 5. ~Run a linear elastl~ buckling snaly.dst0 checl< for the.final buckling.
(Assumes the geometry can I:.e simplified enough to mal<e this analysis
practical.)
6. Make a decision about wh~ther or not non-linear analysis would be
worthwhile.

I four mechanisms mentioned above on p.1 involve a non-linear aspS=.. Note
~... , ~ ~= ,~=,,===~,rv to account for the non-linear aspects, the c~_s_,tu~=,, ,; ,,. ,~,, ...,,~.~.-..-,-;:.__ .-:., ,,_. ,,,~,, ,,~ ~v,.~b that has been useorisk ot unore~aot~Y ju.mp up. u_=Lo._,y_,-" y; ,~L’.,";,~,,,o ~,= linear analysis co=to

estimating purp.oses=l.Srt_o__u.se..=aaivm~U.rl~a~l’tt~~:ilnear anai~ls models aren the cOSt Ota non .nu=~ u.=y= ~, -
~,~tect to comoaratlvelv simDl~, shapes; ¢y!!ndere,. plates, etc. Th~se simple
"i1~ ;s ma n~t be adequate .~o deecdbe me problem.

PROPOSED _BURNER ,~
It Is_.expeotedthat thls comparative analysis would show that the proposed
configuration is better, There are thr,~e reasons:

e re 0sad burner dssi{;~n Includes thicker plate to replace those that1. Th p P - will re Ist bucklin better becauser dam= ed by distortion, rhlcker plate
~ee ecrlttcat ~uckltng stress is= function of t= and ~ for fiat p~es and cylinders
respectively (Roar~,, 5th ed., p. 550,556).           ..            :

e re osed burner design utilizes slip-fit oonna~tlons in order to minimize2. Th p p at had revl0usly failed,r al rowth restraint and ~llmlnate the welds th . P .....¯ t~-i~e~rr~alg~tresses will not have a chance to build to the high leve=s expsr,encoo
by the ~ ~eslgn.

3. A more heat resistant stainless ~.lloy iS used In the proposeddesign.

IP7 003301



¯ 213 481 4890

"-DbJP MECH ENG SECTION    TEL:213-481-4890

" gEP-g4-’9I 13t16 IDthW PROJ I~tGT

Sap 11,91    13:49 No.O08 P.O5

TEL N0:216-860-1982          11892 P05 ..........

CONCLUSION

FEA is not a practical approach to producing an Improved burner design. The
obstacles are es followS:

1. A major effort would be required In order to define the ~ermal distribution.

2. M~terial property data may not be available,
be too corn lax to handle reliably. Non4near aspects of3. The ana sis may. P lem im oasible to

oree , laxity, an~ large dlsptaoemen.ts..oou!d~,,rn=,.ak..e,,,t~..e prob    P
han~l~),p Oomptex geomeW oompouno= mesa

4. The cost of an analysis m~t~ be h~gh. It would be ~, significant fraction of the
cost of a p~ototype burner

. Te’stin a full scale .pr.ototype would still be required to verify FEA results
I~efore c~gmm~lng to uestgn changee.
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